Introduction
Insulin receptor substrate 1 (IRS-1) is a 160 kDa cytosolic protein implicated in insulin and IGF-I signal transduction. IRS-1 plays an essential role in IGF-I mediated cell proliferation (1, 2) , and has transforming properties when overexpressed in different cell types (3, 4) . The structure of IRS-1 reveals two conserved regions within the N-terminal portion of the protein (5, 6) . The first one is called PH for its similarity to a pleckstrin homology (PH) domain (7), and the second shows similarity to a putative phosphotyrosine-binding (PTB) domain present in Shc and other proteins (6) . The PTB domain recognizes phosphorylated tyrosine within NPXY motifs, providing a mechanism to couple IRS-1 with the Tyr950 in the juxtamembrane region of the IGF-IR (8) . PH domains contain a positively charged binding pocket that may mediate interaction with phospholipids (9) and with proteins containing acidic motifs (10) . Following activation, over 20 phosphorylation sites on the IRS-1 docking molecule can recruit a variety of proteins equipped with src-homology (SH2) domains (11) .
Independent from its tyrosine phosphorylation, IRS-1 interacts with αvß3 (12) and α5β1 (13, 14) integrins, with typical nuclear proteins such as the SV40 large T antigen (3) and nucleolin (10) and is constitutively phosphorylated in v-Src transformed cells (15) .
Transforming properties of IRS-1 were suspected for quite some time even before the first convincing evidence was furnished by utilizing R -cells (3T3-like fibroblasts derived from mice with targeted disruption of IGF-IR gene) (3, 4) . Although R-cells are remarkably resistant to transformation (15, 16) , co-expression of IRS-1 and SV40 T antigen induced R -transformation -a phenotype efficiently reversed by antisense IRS-1 mRNA (4).
Importantly, over-expression of either IRS-1 or T-antigen alone did not transform R -cells, suggesting a functional relationship between these two proteins in transformation (4) The human neurotropic polyomavirus JC (JCV) asymptomatically infects nearly 90%
of the human population (21) . The early genome of this virus encodes the regulatory protein JCV T-antigen, which has transforming properties in vitro, induces tumors of neuronal origin in experimental animals (22) (23) (24) and has been detected in a variety of human brain tumors including medulloblastomas (25) . In this article we report for the first time Importantly, nuclear IRS-1 was detected in human medulloblastoma biopsies that were also positive for anti JCV T-antigen immunostaining. Based on these findings, we postulate that the interaction with T-antigen may uncouple IRS-1 from its surface receptors initiating series of nuclear events, which in turn could affect JCV T-antigen -mediated cellular transformation. with PolyHema (Aldrich) by the methodology routinely used in our laboratory (20, 27, 30) .
Immunohistochemistry. We employed thin paraffin sections and avidin-biotin-peroxidase complex system (Vectastain Elite ABC Peroxidase Kit; Vector Laboratories). The sections were processed according to the protocol previously described (20, 25) . We used rabbit anti-IRS-1 antibodies that recognize either C-terminal portion of IRS-1 (UBI, Lake Placid, NY), in the field showed a typical nuclear T-antigen staining visualized as a green fluorescence (Fig. 3a) . The cells showed a weak cytoplasmic and strong nuclear immunoreactivity with anti-IRS-1 antibody, as a red fluorescence (Fig. 3b) . Finally, by superimposing panel (a) with panel (b) we visualized (in yellow) nuclear co-localization of IRS-1 and JCV T-antigen (Fig.   3c ). Using the same approach, IRS-1 was detected exclusively in the cytoplasm of the Tantigen negative Bs-1a cells (Figs. 3d-f).
To determine whether T-antigen -mediated IRS-1 translocation to the nucleus is cell type specific, R600 mouse embryo fibroblasts (27) were transfected with an expression vector containing JCV T-antigen cDNA (pcDNA3/zeo/JCVT). Within 48 hours after transfection, three of ten cells depicted in the field were positive for T-antigen (Fig. 3g ). Only these three cells showed IRS-1 in the nucleus (Fig. 3h) , and its nuclear co-localization with JCV Tantigen (Fig. 3i) . BsB8/GFP-IRS cells (Fig. 4c) . Within 6 hours following the addition of OKA, cytoplasmic fluorescence became much more intense (Fig. 4d) , and after twelve hours, the majority of the GFP-IRS-1 was observed in the cytoplasm, and some remained still in the nucleus (Fig. 4e) .
Since longer treatment with OKA resulted in massive cell death, we were not able to reach Fig. 7b ) in a JCV T-antigen negative biopsy (Fig. 7a) . Cells with nuclear staining for IRS-1 (Fig. 7d) were abundant in the biopsy that was T-antigen positive (Fig. 7c) . Routine control samples, in which primary antibodies, both anti T-antigen and anti Original magnification for all images X40. 
